Abstract -The objective of this work was to evaluate the effect of photoperiod on luteinizing hormone (LH) plasma levels and gonadal maturation of lambari females. One hundred and twenty adult lambaris, distributed into 12 aquaria of 20 L each, were randomly subjected to three different treatments, in a completely randomized design, and four replicates. Treatments were photoperiods in hours of light (L) and darkness (D): T1, 0 L:24 D; T2, 12 L:12 D; T3, 24 L:0 D. After 40 days, fish were subjected to fasting for 24 hours and, then, anesthetized. Immediately after slaughter, fish were weighed, and their gonads and livers were removed and weighed. Ovaries were weighed and immersed in Bouin's fixative solution for 24 hours and, then, kept in 70% alcohol until processing the material. Subsequently, the oocyte developmental stage was determined. No significant differences were observed between treatments for final weight, ovary weight, gonadosomatic index (GSI), hepatosomatic index (HSI) and LH levels. In all treatments, lambari females showed maturing ovaries with prevalence of vitellogenic oocytes. Photoperiod does not affect the LH levels and ovarian maturation in lambari females.
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Introduction
Reproductive processes usually show endogenous rhythms triggered by environmental signals, to adjust the reproduction period and the development time of larvae and juveniles to an appropriate environment.
Although numerous environmental factors such as temperature, photoperiod, rainfall, food and pheromones have been implicated as potential influencers of the reproductive activity of different species, the photoperiod probably accounts for the reproductive period of most fish (Sarkar & Upadhyay, 2011) . The photoperiod, an important factor in gonadal maturation of fish, has a direct effect on the hypothalamic-pituitary-gonadal axis of teleost fish, stimulating or inhibiting the production of gonadotropin-releasing hormone (GnRH), pituitary hormones (follicle stimulating hormone -FSH -and Pesq. agropec. bras., Brasília, v.48, n.8, p.1064-1070, ago. 2013 DOI: 10.1590/S0100-204X2013000800036 luteinizing hormone -LH), and other hormones that modulate reproduction and maturation of gametes (Amano et al., 2004) . Changes in the light regime are detected by specific receptors, and then transmitted to the brain, the hypothalamus (or directly to the hypothalamus), changing the production and release of GnRH. The GnRH stimulates the release of FSH and LH by the adenohypohysis, which stimulates the release of gonadotropins by the anterior pituitary. FSH stimulates gonadal growth, gametogenesis and the entry of vitellogenin into the oocyte, while LH is important for the final maturation of oocytes and spawning. The influence of gonadotropin on the gonad varies during the maturation process, so that the gonads may be more or less responsive to gonadotropin, and the effect also varies over gonadal development (Navarro & Navarro, 2012) .
The management of environmental conditions can be an excellent tool of manipulation for inducing the gonadal maturation. As an example, the manipulation of photoperiod is being used in aquaculture to change various physiological functions, in different fish species, such as reproduction and gonadal maturation, growth, and spawning season (Rad et al., 2006; Guerrero-Tortolero & Bromage, 2008; Mendonça et al., 2009; Newman et al., 2010; Wilkinson et al., 2010) .
The reproduction of many tropical and subtropical species is also influenced by the photoperiod (Sarka & Upadhyay, 2011) . However, studies on photoperiod manipulation effect on the ovarian maturation of native species in Brazil, such as lambari (Astyanax bimacula), are scarce. Lambari is a native fish of Brazil, and belongs to the family Characidae, subfamily Tetragonopterinae. This kind of fish accepts artificial feeding with ease, and has good potential for aquaculture. Its commercial importance is relevant as baits in sport fishing, appetizer and as ornamental fish (Sato et al., 2006) . Lambari is omnivorous, and can reach 10.9 cm and 42 g. Depending on environmental conditions, lambari´s spawning can be whole or split (Sato et al., 2006) . Further research is necessary to better understand the stimulation process of gonadal maturation and spawning, as well as to improve the quality of gametes, to promote the development of fish farming based on native species in Brazil.
The objective of this work was to evaluate the effect of photoperiod on luteinizing hormone (LH) plasma levels and gonadal maturation of lambari females. Controlled hours of light given during the experiment were adjusted by timers, which automatically switched 20 W fluorescent lights on and off from the benches, during the specified periods. Light intensity was 1,173 lux, measured by a digital light meter model LDR-208 (Instrutherm, São Paulo, SP, Brazil). During their dark period treatments were isolated to prevent light incidence from other light sources, in order to ensure that the light supply was held during the periods established for each treatment.
Materials and Methods
The experiment was kept in a closed system of recirculating water. Dissolved oxygen, pH, and temperature were measured daily. Oxygenation levels were maintained with the aid of aerators and measured by a digital oximeter YSI model (Bernauer, Blumenau, SC, Brazil). A multiparameter digital meter was used to measure pH and temperature .
During the feeding regime, a commercial diet containing 28% crude protein and 3,100 kcal kg -1 digestible energy Tropical Nutron Hi-Fi, (Nutron Company, Campinas, SP, Brazil) was used. The amount of daily feed was 2% of body weight and was divided into two daily meals, the first one offered at 9:00 h and the second at 16:00 h. After 15 min of each meal, boxes were syphoned for the removal of diet remains.
Twelve animals per treatment fasted for 24 hours and were later anesthetized with a benzocaine solution (400 mg L -1 ). Weight data (ovary, liver, final weight) for each fish were measured using a balance accurate to 0.001 g. Bleeding was performed by cardiac puncture, using 1 mL syringes containing EDTA at 10%.
To calculate the hepatosomatic index (HSI) we used the formula: HSI = 100(LW/BW), in which: LW is the liver weight; and BW is the body weight.
Blood was centrifuged at 5,000 rpm for 10 min, in an centrifuge model 5415C (Eppendorf do Brasil Ltda., São Paulo, SP). Then, the heparinized plasma (supernatant) was removed with a digital pipette. Collected plasma was stored in labeled Eppendorf tubes for subsequent hormone analysis. All plasma material was frozen at -20°C until analysis.
For determining plasma LH, samples were pooled for each treatment, and three individuals were used to comprise 50 μL of sample, which was analyzed using an ELISA Kit (LH Dialab/ELISA GbmH, Neudorf, Austria).
After the experiment, samples of lambari female, kept fasting for 24 hours, were taken and anesthetized with benzocaine (400 mg L -1 ) for histological analysis. Immediately after slaughter, fish were weighed and had their gonads and total weigh measured on a precision balance (0.001 g). Then, the ovaries were immersed in Bouin's fixative for 24 hours and kept in 70% alcohol until resulting material processing, in the Laboratory of Pathology, Department of Veterinary Medicine, at the UFLA. Fixed ovaries were dehydrated in increasing series of alcohol and xylene for paraffin histology. Five-meter-thick sections were obtained in Leica Reichert-Jung microtome Histocut 2040 (ReichertJung Company, West Germany). The preparations were subjected to hematoxylin-eosin staining.
In the light microscope Leica DM500 (Leica Microsystems Company, Buffalo Grove, USA), at 400X magnification, ten fields were examined for ovarian blades of each fish from different treatments. The qualitative stages of gonadal development, through observation of the preparations, were recorded under a microscope. Digital photomicrographs were taken on a Leica DM500 microscope in the Laboratory of Clinical Pathology, of the Faculty of Agronomy and Veterinary Medicine, at Universidade de Brasília (UnB).
The gonadosomatic index (GSI) calculation, which indicates the status of fish gonadal development, was performed using the formula GSI = 100(GW/BW), in which GW is the gonad weight, and BW is the body weight.
Statistical analysis was performed using the SAS program, and the means were compared by a StudentNewman-Keuls test, at 5% probability.
Results and Discussion
During the experimental period, the mean values of temperature 28.67±0.73
o C, pH 6.65±0.68, and dissolved oxygen 5.23±0.85 mg L -1 were within the range considered acceptable for fish growth, according to Sato et al. (2006) .
Female lambaris under different photoperiods showed no significant difference for gonad weight and gonadosomatic index (GSI) ( Table 1) . Contrasting these results, several studies pointed out the interference of photoperiod on reproductive variables. Studies on photoperiods and long light regimes tend to promote a continuous suppression of gonadal maturation and to redirect the gonadal development of food energy to somatic growth (Ginés et al., 2004) . Rad et al. (2006) found that Nile tilapia, kept under continuous light, had a reduced gonadal maturation and lowered values of GSI, followed by increased somatic growth. Salmonid fish in temperature and subjected to long photoperiods or continuous light, also underwent a delay in gonadal development and maturation associated with lower values of GSI (Taranger et al., 2006; Davie et al., 2007) . Milla et al. (2009) found lower values of GSI in Perca fluviatilis maintained at constant conditions of photoperiod (12 L:12 D) for three months. However, Miranda et al. (2009) 6,476±1,747a 7,017±1,281a 6,745±1,783a Gonad weight (g) 0,827±0,425a 0,862±0,189a 0,729±0,502a Liver weight (g) 0,038±0,023a 0,052±0,017a 0,039±0,028a GSI (mLU mL -1 ) 12,710±6,910a 11,620±2,300a 10,830±4,840a HSI (mLU mL -1 ) 0,565±0,245a 0,724±0,224a 0,563±0,296a LH (mLU mL -1 ) 9,833±1,649a 13,900±1,632a 10,000±4,656a
(1) Means±standard error followed by equal letters, on the same line, do not differ significantly, at 5% probability, by the Student-Newman-Keuls test. (2004) on Atlantic cod (Gadus morhua L.), males and females, exposed to short photoperiods (8 L:16 D), grew faster steroid levels and showed an earlier onset of the maturation process than under 18 L:6 D. However, Miranda et al. (2009) observed that females of Odontesthes bonariensis under long photoperiods had a significant increase in the expression of GnRH, FSH-β, LH-β and plasma levels of estradiol. Borg et al. (1987) also noted that the dilatation area of cisternae, in the granular endoplasmic reticulum, was larger in cells of pituitary gonadotropin of Gasterosteus aculeatus, under long photoperiod (16 L:8 D), indicating a higher activity of β-LH secretory system exposed to this light schedule.
The physiological role of LH in teleost fish is still not well understood (Miranda et al., 2009 ). According to Taranger et al. (2010) , LH is important for final oocyte maturation and spawning. In females, LH appears to stimulate the production of 17α20β-P (17α-20β-dihydroxy-4-pregnen-3-one), which is the substance that induces oocyte maturation in cells of ovarian follicles (Taranger et al., 2010) . Some authors have reported a correlation between increased mRNA transcription of LH-β and values associated with the GSI, in non-salmonid fish, in the final stages of oocyte maturation (Luckenbach et al., 2011) . In rainbow trout, LH levels increased in the final maturation and spermiation in both sexes (Yaron & Levavi-Sivan, 2011) .
At the end of the experiment, no significant difference was detected in the HSI from lambari females of smelt under different treatments, suggesting that the photoperiod manipulation probably did not influence the energy expenditure for the gonadal development (Table 1) . However, in the study of Taranger et al. (2006) , male and female Atlantic cod (Gadus morhua) showed higher values of HSI under continuous light (LL) than under natural light regime (LN), which indicates that the LL group invested less energy for reproduction. Ribeiro et al. (2006) also found differences in the HSI, in Steindachnerina insculpta (Characiforme: Curimatidae), which decreased the resting phase in comparison with the maturation phase. The HIS reflects the possible role of hepatic substances in gonadal maturation, especially during the formation of yolk globules, which is shown by the sharp reduction in the values of HIS during advanced maturation in females, and indicates the transfer of hepatic substances to the ovary (Selman & Wallacc, 1989; Ribeiro et al., 2006) . The ultrastructural hepatocyte analysis of female Steindachnerina insculpta, conducted by Ribeiro et al. (2006) , showed that when values of HSI were higher, the amount of smooth endoplasmic reticulum were greater, had little glycogen and copious amounts of electro-dense mitochondria. The rise of the HSI and the amount of cytoplasmic organelles are due to increased synthesis of vitellogenin for the formation of oocytes in vitellogenesis.
Macroscopic analysis of Astyanax bimaculatus ovaries showed the same patterns of gonads described for most teleosts (Pereira Filho et al., 2011) . The presence of paired, elongate, foliaceous, thick, and bulky organs, was observed in all treatments for A. bimaculatus, as well as in other Astyanax species (Mazzoni et al., 2005) . In addition to these results, microscopic examination of gonads indicated a dynamic process of oogenesis, as described by Bazzoli & Rizzo (1990) . Oocytes were classified into four stages, as described by Bazzoli & Rizzo (1990) : 01, young oocytes; 02, previtellogenic oocytes; 03, oocytes with cortical vesicles; 04, oocytes with yolk globules or vitellogenic. Moreover, through histological analysis of gonads, four stages of the female reproductive cycle were established based on the distribution and development of oocytes, according to Melo et al. (2005) : 1, home; 2, maturing; and 3, spawning.
In lambari, oocyte development is asynchronous, with the presence of oocytes at different stages of development (Pereira Filho et al., 2011) . All treatments of this study showed the same pattern of distribution and development of oocytes (Figure 1 ). Female lambaris, exposed to different photoperiod regimes, showed an asynchrony of oocyte maturation with a predominance of vitellogenic oocytes, which are rich in yolk granules (Figure 2) by the presence of females with maturing ovaries (Melo et al., 2005) . The presence of the same gonadal stage between treatments confirms the similarities in levels of LH, GSI and HSI (Table 1) , in animals of different photoperiods, since they are correlated and change depending on the maturity stage. Unlike the results of this study, Milla et al. (2009) Most studies involving photoperiod and reproduction of fish indicate a relationship between photoperiod and the hypothalamic-pituitary-gonadal axis, reflected by changes in oogenesis and changes in levels of pituitary hormones and steroids for the reproduction.
However, in the present work, the physiological patterns of reproductive axis followed the same trend in all treatments, irrespectively photoperiod. None of the photoperiod regimes were able to stimulate or inhibit the reproductive variables and ovarian maturation in female lambari. This can be explained by the low influence of photoperiod on maturation process of this species, in comparison to other environmental variables, or the use of animals already associated with reproductive failure in the time of animal exposure to different light regimes.
Therefore, besides studying the photoperiod effects on oocytes, further researches are necessary to evaluate the effects of this abiotic factor on gamete quality. These and other information to test the interaction of abiotic factors in fish reproduction can guide new experiments to improve the growing conditions, increase the number of A. bimaculatus for fish farming, and thus make production more economically viable.
Conclusion
Light regimes has no influence on the plasma levels of luteinizing hormone (LH) and ovarian maturation of female lambari (Astyanax bimaculatus).
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